Glial vascular endothelial growth factor overexpression in rat brainstem under tolerable hypoxia: evidence for a central chemosensitivity.
The ventilatory response to hypoxia is mediated by peripheral inputs arising from the arterial chemoreceptors. In their absence, hypoxic adaptation can be achieved, possibly as a result of central cellular reorganization. To study this reorganization, we used chemodenervated rats to investigate the expression and localization of vascular endothelial growth factor (VEGF) in the brainstem. VEGF is a target gene of hypoxia-inducible factor (HIF) that is responsible for the morphofunctional remodeling induced by hypoxia. Intact and chemodenervated rats were subjected to normoxia or hypoxia for 6 hr (10% O(2) in N(2)). VEGF protein was quantified in micropunches of brainstem tissue. Only chemodenervated animals showed an increased VEGF expression in response to hypoxia, whereas, in normoxia, VEGF expression was not modified by chemodenervation. The same hypoxic condition was repeated for 8 days before immunocytochemical staining with anti-VEGF; antiglial fibrillary acidic protein (GFAP), a marker of astrocytes; and anti-rat endothelial cell antigen-1 (anti-RECA-1) that recognizes endothelial cells. Confocal analysis showed a cellular colocalization of GFAP and VEGF, indicating that VEGF was overexpressed predominantly in astrocytes. Increased RECA-1 immunolabeling indicated an enhanced angiogenesis in chemodenervated rats subjected to hypoxia. These results indicate that glial cells and the vascular network contribute to the brainstem remodeling. The peripheral chemodenervation reveals a central O(2) chemosensitivity involving a cascade of gene expression triggered by hypoxia, which in intact animals may act synergically with peripheral chemosensory inputs.